This paper discusses the optimal decisions of pricing and selling effort for a two-echelon supply chain with uncertain consumer demands, manufacturing costs, and selling costs. In order to maximize the -optimistic value of the profits, based on different market structures, one centralized decision model and three decentralized decision models are developed, and the corresponding analytical equilibrium solutions are obtained using the game-theoretical approach. The results illustrate that no matter what decision case is, the optimal retail and wholesale prices in the case of considering selling effort are, respectively, larger than those of no selling effort; the optimal profits of the manufacturer, the retailer, and the whole supply chain system in the case of considering selling effort are, respectively, larger than those of no selling effort except for the profit of the retailer in the case that the manufacturer plays the leader's role. Finally, one numerical example is presented, which illustrates the effectiveness of the proposed models.
Introduction
With the rapid development of technology and economy, powerful retailers are booming worldwide (e.g., Walmart, Carrefour, etc.). To grasp the market opportunities to win, retailers take action actively, where selling effort is the most effective one. Despite the powerful influence on the world economy, their promotion policies and strategies stimulate great research interest among academics. Several papers have concentrated on selling effort described above for singleperiod supply chain with deterministic or random demand in recent years. Lariviere and Porteus [1] illustrated the importance of selling effort on the consumer demands. Taylor [2] studied the problem of coordination for a reverse supply chain, where selling effort has an influence on the consumer demands. Cachon and Lariviere [3] investigated the problem of revenue-sharing contract for a supply chain with influence of selling effort. Mesak et al. [4] researched the problem of advance selling and showed its significance on revenue and pricing in the field of supply chain. Krishnan et al. [5] studied coordinate contracts for decentralized supply chains with retailers' ex ante-and ex postpromotional selling effort. Dash Wu [6] investigated the bargaining problem for a supply chain with competing manufacturers and competing retailers, where selling effort has an important influence on consumer demand. We add to this growing literature of channel studies by modeling price and selling effort decision for a manufacturer and a retailer in a two-echelon supply chain with uncertain parameters in the sense of fuzziness.
Many uncertain factors are embedded in the supply chain, such as customs' demand, manufacturing cost, selling cost, and inventory cost. These uncertainties may affect the effectiveness of supply chain management and should not be neglected. Quite a few of researchers have concentrated on the randomness aspect of uncertainty and developed a lot of stochastic modeling techniques based on certain probability assumption, where uncertain parameters are typically modeled by probability distributions, for example, [7, 8] . A. H. L. Lau and H.-S. Lau [9] declared that uncertain parameter forecast based on expert knowledge and judgments seemed to be more appropriate, when there was little or no historical data available and probability distribution might be neither simply available nor accurately estimated. Fuzzy theory, originally introduced by Zadeh [10] and perfected by B. Liu and Y.-K. Liu [11] , provides an effective way to deal with optimization problems with uncertainty of subjective vagueness, where the uncertainty should be described as a fuzzy variable [12] . In fact, fuzzy theory has gradually become a powerful 2 Discrete Dynamics in Nature and Society mathematical tool to deal with supply chain problems under incomplete information, for instance, coordination [13] , performance evaluation [14] , and pricing decision [15, 16] . Chuu [17] built a group decision-making model of flexibility in supply chain management and adopt a fuzzy linguistic approach to determine the degree of system flexibility. Wei and Zhao [18] considered the optimal pricing decision problem of a fuzzy closed-loop supply chain with retail competition. Zhao et al. [19, 20] studied the optimal pricing problem of two substitutable products for supply chains with fuzzy uncertainty. Wang et al. [21] developed a joint replenishment and delivery (JRD) model with stochastic demand under fuzzy backlogging cost, fuzzy minor ordering cost, and fuzzy inventory holding cost.
Thus far, to the best of our knowledge, no research has been found to study the two-echelon supply chain decision problems with selling effort in a fuzzy environment. For this reason, this paper is to study the two-echelon supply chain with uncertainties associated with the custom demand, manufacturer cost, and selling cost, which are characterized as fuzzy variables [11] . Our main interest is to investigate how the manufacturer and the retailer make their own pricing decisions about wholesale prices, retail prices, and selling efforts in a fuzzy uncertain environment. We also focus on the market power balance between the channel members (i.e., the manufacturer and the retailer) and its effects on the equilibrium prices, selling efforts, and profits. Four scenarios are discussed, including a centralized case and three decentralized cases; namely, the manufacturer has more bargaining power, the retailer has more bargaining power, and each part in the system has equal bargaining power. Motivated by [22, 23] , four chance-constrained programming models will be built to maximize the -optimistic value of the profits of both the manufacturer and the retailer, and the analytical equilibrium solutions are obtained by adopting the game-theoretical approach.
The rest of this paper is organized as follows. Section 2 presents model description and notations. The chanceconstrained programming models of one centralized decision and three decentralized decisions are established in Section 3. One numerical example is given to illustrate the effectiveness of the proposed models in Section 4. Finally, conclusions are made in Section 5.
Problem Description
Consider a two-echelon supply chain with a manufacturer and a retailer, where the former makes one product with cost and then wholesales the product with wholesale price to the retailer, who in turn retails it with retail price and selling effort to a customer. Since the decision makers have little or no historical data on manufacturing cost , we should describe it as a fuzzy variable.
The demand function is adopted as a linear one, which decreases with retail price but increases with selling effort; that is,
where represents the market base, and are price and effort elastic coefficient, respectively, which denote the measure of the responsiveness of the product's market demand to its retail price and the retailer's selling effort. The cost of the retailer's selling effort is assumed as
where represents effort cost coefficient. We assume that the parameters , , , , and are independent nonnegative fuzzy parameters.
Since the wholesale price is and the retail price is , the marginal profit of the retailer = − . The respective profit functions of the manufacturer and retailer can be expressed as
and the profit function of the whole supply chain in the centralized decision case can be described as
The chance-constrained programming is adopted to formulate the optimization problem, where both the manufacturer and the retailer make the pricing or selling effort decisions to achieve the highest profit with a given confidence level subjected to some chance constraints [24] . That is, the markup − and the consumers demand ( , ) are nonnegative in the real world; thus, Cr{ − < 0} = 0 and Cr{ − + < 0} = 0.
Main Results

Centralized Decision (CD) Model.
In order to evaluate channel decision under different decision cases, the centralized decision case should be firstly examined, where there is one entity (one integrated firm: including both the manufacturer and the retailer) that aims to optimize the whole system performance, so both the manufacturer's and the retailer's decisions are fully coordinated. In the centralized decision supply chain, the wholesale price is viewed as an inner transfer price, and the decision maker will choose proper retail price and selling effort to optimize the optimistic value with a given confidence level ∈ (0, 1] subjected to some chance constraints, which can be formulated as
where is the threshold value of the profit of the whole supply chain and the second and third constraints represent that the customers' demand and the marginal profit are nonnegative.
Theorem 1. Let
* , * , and * be the optimal retail price, selling effort, and system profit of the CD scenario; then * = 2 ( + ) − ( )
provided that Cr{ − < 0} = 0, 4 > ( ) 2 , and Cr{ <
Proof. For each feasible solution ( , ), should be the maximum value that the integrated-firm's profit ( , ) achieves with at least credibility [25] . Thus, model (6) is equivalent to the following model (9) , where the integrated firm tries to maximize the -optimistic value of its profit ( , ) by choosing proper and ; that is,
where the subscript and the superscript denote theoptimistic value and denotes the -pessimistic value.
As fuzzy variables , , , and are nonnegative and independent with each other, according to [26] , we have
The first and second partial derivatives of (10) with respect to ( , ) can be obtained as
If 4 − ( ) 2 > 0, the Hessian matrix is negative definite and [ ( , )] is a concave function of ( , ). By setting (11) equal to zero and solving for ( , ), the optimal strategy can be obtained as in (7) . Substituting (7) into (10), the maximal profit value of the integrated firm can be obtained as in (8) .
Corollary 2. If the selling effort is not considered, model (9)
degenerates into
. . Cr { − < 0} = 0
Cr { − < 0} = 0.
The optimal retail price * * and system profit * * in model (13) which corresponded to * in (7) and
In 
Manufacturer Leader Stackelberg (MS)
Model. The second scenario arises in the markets where the retailer's size is smaller compared to the manufacturer's. In this case, the manufacturer is the leader and the retailer is the follower, and the timing of the game proceeds as follows: firstly, the manufacturer chooses the wholesale price ; then, the retailer observes the wholesale price, fixes a retail price , and chooses selling effort ; finally, the retailer and the manufacturer obtain their profits, respectively. The two-echelon MS model can be formulated as max max
where and are the threshold values of the manufacturer's profit and the retailer's profit, respectively. 
under condition that 4 > ( ) 2 and Cr{ + (( (
Proof. For each fixed feasible solution ( , , ), and should be the maximum values that the retailer's profit function ( , , ) and the manufacturer's profit function ( , , ) can achieve with at least credibility . Thus, model (15) is equivalent to the following model (17) where the retailer and the manufacturer try to maximize theoptimistic values of their respective profits by choosing proper retailing price, selling effort, and wholesale price:
The -optimistic value of the retailer's profit is
The first and second partial derivatives of [ ( , , )] with respect to ( , ) can be obtained as
If 4 > ( ) 2 , the Hessian matrix is negative definite. Let (19) be equal to zero; we can obtain (16).
Theorem 4. In the MS model, the optimal wholesale price
provided that Cr{( + )/(2 ) − < 0} = 0.
Proof. From (1), (3), and (16), it can be obtained that
the first and second order derivatives of which with respect to are 
Proof. Substituting (21) into (16), then (25) and (26) can be obtained.
Corollary 6. If selling effort is not considered, model (15) degenerates into
. . Cr{ − < 0} = 0 ≥ .
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The -optimistic value of the manufacturer's profit is
Following from = + , the first and second order derivatives of (32) with respect to can be obtained as 
provided that 4 − ( ) 2 > 0 and Cr{ < ( (6
Proof. From (1), (2), (4), and (30), it can be obtained that
The first and second partial derivatives of [ ( * ( , ), , )] with respect to ( , ) can be obtained as
If 4 > ( ) 2 , the Hessian matrix is negative definite. Let (38) be equal to zero; we can obtain (35) and (36). (41)
Nash Game (NG) Model.
The fourth scenario models a market in which there are relatively small to medium-sized manufacturers and retailers. In this case, each part of the supply chain system has equal bargaining power and makes their decisions simultaneously. Therefore, the two-echelon NG model can be formulated as 
Theorem 11. In the NG model, the respective optimal strategies chosen by the manufacturer and the retailer can be derived as * = 2 ( + 2 ) − ( )
provided that Cr{ < * + * } = 0 and Cr{ * < } = 0.
Proof. Obviously, model (42) is equivalent to the following model:
From the MS model, given the wholesale prices made earlier by the manufacturer, the retailer's optimal strategy satisfies (16) , and from the RS model, given retail optimal strategy ( , ), the optimal wholesale price satisfies (30). Then, solving (16) , and (30) simultaneously yields the Nash decision solution (43)-(45).
Corollary 12.
When selling effort is not considered, the optimal wholesale price * * and retail price * * in case no selling effort corresponded to * in (43) and * in (44) are * * = − 2 3 , * * = − .
(47)
Numerical Example
In this section, a numerical example is provided to compare the results established in the above four different decision scenarios and to analyze the effects of the bargaining power on the channel prices and optimal profits. Consider the case that the manufacturing cost is in medium level ( is about 2), the market base is in high level ( is about 700), and the price elastic coefficient , the effort elastic coefficient , and the effort cost coefficient are in very sensitive level (i.e., is about 40, is about 8, and is about 3). The relationship between linguistic expressions and triangular fuzzy variables for manufacturing cost, market base, price elasticity, and selling effort elasticity is often determined by experts' experience, as shown in Table 1 (for more references about the relationship between linguistic expression and fuzzy variable see [27, 28] ).
From Table 1 , we can obtain that the triangular fuzzy variables are = (1, 2, 3), = (600, 700, 800), = (30, 40, 50), = (7, 8, 9) , and = (2, 3, 4). The respective critical values are = 800 − 100 , = 30 + 10 , = 1 + , = 9 − , and = 2 + . From the results derived in the above four scenarios, namely, models of CD, MS, RS, and NG, the optimal retail prices, wholesale prices, selling efforts, profits of the system, profits of the manufacturer, and profits of the retailer can be calculated as shown in Tables 2 and 3 with a confidence value = 0.8.
Firstly, the optimal retail prices, wholesale prices, and selling efforts are compared according to the results in Table 2 . The retail price under the RS case is the highest, followed by MS and then the NG and CD games; the wholesale price in the case of MS is the highest, followed by NG and then RS; the selling effort in the case of CD is the highest, followed by NG, MS, and then RS. Secondly, the optimal profits of the whole supply chain, the manufacturer, and the retailer are compared according to the results in Table 3 . The profit in the case of CD is the highest, followed by NG and then MS and RS; under the three decentralized decision cases, the manufacturer gains the largest profit in the case of MS, followed by NG and then RS. Meanwhile, the retailer gains the largest profits in RS game, followed by NG and then MS.
Thirdly, no matter what decision case is, the optimal retail prices and wholesale prices in the case of considering selling effort are, respectively, larger than those of no selling efforts; the optimal profits of the manufacturer, the retailer, and the whole supply chain system in the case of considering selling effort are, respectively, larger than those of no selling effort, except the profit of the retailer in the case that the manufacturer is the leader.
Based on the above analysis, insights can be obtained as follows.
(1) Compared with the three decentralized decision cases, the whole supply chain system obtains larger profit under the centralized decision case.
(2) Comparing among the three decentralized decision cases, the whole supply chain system gains the largest profit in Nash game scenario. However, both the manufacturer and the retailer have an incentive to play the leader's role for the leader holds advantage in getting the relatively higher profit.
No matter what decision case is, selling effort makes both the retail price and the wholesale price larger than those without selling effort. (4) No matter what decision case is, the profits of both the whole supply chain system and the manufacturer in the case of considering selling effort are, respectively, larger than those of no selling effort. However, in the manufacturer leader Stackelberg game case, the profit of the retailer in the case of considering selling effort is less than that of no selling effort. This means that the retailer may hesitate to make effort to increase sales when the manufacturer is the leader.
Conclusion
The main contribution of this paper is that an optimal pricing and selling effort decision problem has been formulated under a two-echelon supply chain facing uncertain demand that is sensitive to both selling effort and retail price in a fuzzy environment. Based on different market structures, four chance constraint programming models were developed with fuzzy customer demands, fuzzy manufacturing costs, and fuzzy selling effort costs, which extend the classical supply chain models with stochastic (or deterministic) demand and crisp costs given in the past. By using fuzzy theory and game theory, the analytical equilibrium solutions of the pricing and selling effort strategies of both the manufacturer and the retailer were derived by analytical method. Some analyse about the results were established which present insights into the economic behavior of firms and can be served as the basis for empirical study in the future. Our results are based upon some assumptions about the demand function and selling cost for analytical convenience. Thus, there are possible extensions; for example, different or more general forms of the demand function can be used to analyze the problem, and the supply chain with more than one manufacturer, and retailer and over multiple periods can also be considered.
